
Immunologic analysis and serum heavy metal
levels in exacerbated Tourette syndrome

Tourette syndrome (TS) is a childhood-onset,
chronic, relapsing disorder characterized by
involuntary simple or complex motor and vocal
tics and high co-morbidity with behavioral
anomalies such as obsessive-compulsive disorder
(OCD) and attention-deficit-hyperactivity disor-
der (ADHD) (1). Its patho-physiologic mecha-
nisms may combine genetic and environmental
factors but remains unclarified (1). Two common
infectious pathogens of group A b-hemolytic
streptococci (GABHS) and mycoplasma pneu-
monia can be thought as the environmental
factors and trigger immune-mediated TS
processes. GABHS infection can produce
anti-neuronal antibodies against putamen and

enhance B lymphocyte antigen D8/17 expression
for effector cells to attack (2). Pediatric autoim-
mune neuro-psychiatric disorders associated with
streptococcal infection (PANDAS) proposed by
Swedo et al., represents a distinct clinical entity
that may have manifestations of TS, OCD, and
ADHD (3). The PANDAS hypothesis currently
agrees on the serum Anti-Streptolysin 0 (ASLO)
level in Italian patients with TS (4). Regarding
to Mycoplasma pneumonia, the common cause
of respiratory infection, it worsens the clinical
symptoms of patients with TS (5). Central
nervous system (CNS) complications of myco-
plasma infection are often seen without proceed-
ing or associated pulmonary symptoms (6).
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Tourette syndrome (TS) is a childhood-onset and relapsing disorder
characterized by involuntary simple or complex tics and high co-mor-
bidity with behavioral anomalies. Its pathophysiologic mechanisms
remain unclarified. We investigated immunologic alternations and
serum heavy metal levels in patients with TS to elucidate the unclarified
mechanisms. Based on the Yale Global Tic Severity Scale, fifteen TS
subjects (four females) aged 8–34 (mean: 15.4 ± 6.7) in exacerbation
with mean severity score 40.3 ± 14.6 were enrolled in this study. The
immunoglobulin levels were normal except for higher immunoglobulin
E levels (in 10 patients) with atopy. In exacerbation, there were reverse
CD4/CD8 (in two), higher percentages of natural killer cells (in five)
and memory T cells (in eight), diminished lymphocyte activation CD69
marker (in three) and impaired NK cytotoxicity (in six) that showed a
trend of lower inhibitory CD94 (NKG2A), activating NKp46, and
perforin expression compared to those of patients with stable TS and
healthy controls, but similar granzyme expression. Serum ASLO,
mycoplasma antibody and the levels of heavy metals were not signifi-
cantly different. All aforementioned immune alterations returned to the
normal ranges except for the consistently higher memory T cells. Our
study demonstrated that, in some patients with TS, consistently higher
memory T cells and lower cytotoxicity in exacerbation status reflect
immune alterations and underscore the potential for immunomodula-
tion or immunosuppressive treatment.
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Following GABHS and mycoplasma infection,
the immune offense shares molecular mimicry
between allo-antigens (from streptococcal or
mycoplasma infections) and self-antigens in the
basal ganglia neurons of the CNS to disturb the
cortico-striatal-thalamic-cortical circuitry, result-
ing in motor symptoms such as tics, dystonia, or
Parkinsonism (2, 7, 8).
Aside from infection, patients with metal stor-

age disorders because of genetic mutations, such
as Wilson diseases, aceruloplasminaemia, and
hereditary hemochromatosis, have copper or iron
deposits in the basal ganglia and subsequently
present as �tics� or other movement disorders (9).
This study investigated the immune alterations

in exacerbated and stable TS, possible infectious
etiologies of GABHS and mycoplasma pneumo-
nia, and heavy metal deposition. Genetically, a
possible candidate gene of the Silt and Trk-like
family member 1 (SLITRK1) (10) was also
examined in Taiwanese patients with TS.

Subjects and methods
Disease status and severity

The severity of TS was measured using the Yale
Global Tic Severity Scale (YGTSS) while the
symptoms were evaluated through a best estimate
consensus procedure performed by two experi-
enced child neurologists from January 2005 to
December 2006. All of the subjects met the DSM-
IV criteria for TS diagnosis. The term �exacerba-
tion� designated those with score of 19 or higher,
or a monthly increase of 9 in the YGTSS. If
patients had TS andOCD, the term denoted those
with monthly increase of 33 score YGTSS plus
Children�s Yale-Brown Obsessive Compulsive
Scale (CY-BOCS) or monthly increase 14 score
4YGTSS plus 4CY-BOCS. Otherwise, the
status was considered stable (11).

Immunologic assessment, infectious pathogens and serum
heavy metal level

After obtaining international review board (IRB)
approval and informed consents, 20 ml
peripheral blood from the patients with TS and
age-matched controls was taken. To induce
lymphocyte proliferation, peripheral blood
mononuclear cells (PBMCs) (105/well) were incu-
bated with the indicated concentrations of
Phytohaemagglutinin (PHA), concanavalin-A
(ConA), and pokweed mitogen (PWM) for three
days, or the Candida antigen, BCG vaccine, and
tetanus toxoid for 7 days, as previously described
(12). Serum immuno-globulin, anti-nuclear anti-

body (ANA), ASLO, mycoplasma antibody, Cu,
ceruloplasmin, iron, ferritin and Hg levels were
evaluated. Lymphocyte subsets (all antibodies
purchased from Pharmingen, San Jose, CA,
USA), including CD3+, CD4+, CD8+, CD
19+, CD45, CD45RO+, CD45RA+, CD27+,
CD16+CD56+ (natural killer), and CD69, were
assessed by flow-cytometry.

Cytotoxicity

Effector and target cells, K562, were added in
10 · 10 mm to yield E:T ratios of 25:1, 12.5:1
and 6.25:1 as indicated. Control wells with only
target or effectors cells were assayed to deter-
mine spontaneous cell death. Cells were mixed
by gently tapping, centrifuged at 200 g for
1 min and incubated at 37�C in 5% CO2 for
the indicated period of time. After the incuba-
tion, 10 ul of mouse anti-human CD45 mono-
clonal antibody directly conjugated with
fluorescein isothiocyanate (FITC) were added
to each tube. The tubes were mixed gently and
incubated for 20 min on ice. Twenty micro-
liters of propidium iodine (Sigma, St. Louis,
MA) at 1 ug/ml were added to each tube before
acquisition, as previously described (12).
Patients with TS in exacerbated and stable
status, as well as healthy controls, underwent
cytotoxicity functional assessment.

NKp46, CD94, perforin and granzyme expressions in NK cells

The surface expression of NKp46, CD94
(NKG2A), intra-cellular perforin, and granzyme
in NK cells were evaluated from fresh PBMCs.
TCRab) (PerCP) and CD56+ (PE) gated the
NK cells. Briefly, anti-NKp46 and CD94 conju-
gated with FITC-labeled (Pharmingen) were
incubated for 30 min at room temperature. For
intra-cellular staining, cytofix/cytoperm (Phar-
mingen) was used for permeabilization after
TCRab) (PcerP) and CD56+ (PE) staining.
Anti-perforin and granzyme (Pharmingen)
conjugated with FITC-labeled were incubated
for 30 min at room temperature. A minimum of
10,000 events were analyzed by flow cytometry.

Candidate gene SLITRK1 sequencing

Candidate gene SLITRK1 was sequenced (10,
13). Each pair of two oligonucleotide primers
was designed and selected to cover the entire
coding region. The primer sequences were based
on human genome sequences that were available
upon request.
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Results
Patient characteristics

During the study period, fifteen (four females)
enrolled TS patients with score over 19 belonged
to the exacerbation status and three with lower
scores were the stable controls (Table 1). Of the
15 patients with exacerbated TS, 11 (73%) had
atopy, which presented as allergic conjunctivitis,
rhinitis, eczema, or/and recurrent wheezing.
Eight had co-morbidity with OCD or/and
ADHD. Of the three stable TS controls, two
had atopy, one had OCD, and another one had
ADHD. Treatment included dopaminergics,
serotonergics, noradrenergics, CNS stimulants,
and neuropschiatric drugs but was individualized
(Table 1). Three patients (T9, T11, and T12) did
not take medications and handled their TS
symptoms on their own. All patients without
detectable ASLO and mycoplasma antibody did
not receive any anti-streptococcus or anti-myco-
plasma antibiotics.

Immunologic assessment, infectious pathogens and serum
heavy metal levels

There were higher levels of immunoglobulin E
(IgE) in 10 patients and higher immunoglobulin
G (IgG) in three patients (Table 2). Lymphocytic
proliferation function, ANA, ASLO, myco-
plasma antibody, serum Cu, ceruloplasmin, iron,
ferritin, and Hg were all within normal range
(data not shown). In exacerbation, there were
more memory T cells (in eight patients) and more
NK cells (in five), decreased �activated� CD69+
lymphocytes (in two) and reverse C4/CD8 (in
two) of which returned to the normal ranges in
stable status except for the consistently higher
memory T cells.

Cytotoxicity and NKp46, CD94, perforin and granzyme
expression in NK cells

After incubating with the K562-tumor cell line,
cytotoxicity was estimated by PI staining. Com-
pared with three patients with stable TS and 10
healthy controls, there was decreased cytotoxic-
ity in six patients (T1, T6, T7, T8, T10, and T14)
with exacerbated TS, but not closely related to
the severity scores of YGTSS. The surface
expressions of activating NKp46 and inhibitory
CD94 on the patients� NK cells decreased in five
(T6, T7, T8, T10, and T11) and 6 (T4, T5, T6,
T9, T10, and T11) patients, respectively. Intra-
cellular perforin expression also diminished in
two patients (T4 and T6), but granzyme expres-
sion was within normal in all (Table 3). Impaired

cytotoxicity, NKp46, CD94, and perforin expres-
sions in some patients with exacerbated TS were
restored when they became stable (data not
shown).

SLITRK1 sequencing

There was no SLITRK1 mutation identified in
the study patients. More comprehensive genetic
analysis of SLITRK1 including promoter and the
5¢ and 3¢-untranslated regions in 160 Taiwanese
patients with TS was consistently negative find-
ing (14).

Discussion

Dysregulation of the cortico-striatal-thalamic-
cortical circuitry, particularly in the basal ganglia
and including the caudate nucleus and the
inferior prefrontal cortex, is rationally responsi-
ble for the development of TS. However, such
hypothesis is not always corroborated by post-
mortem neuro-pathology and geographic regions
(15). The treatment strategy popularly concen-
trates on correcting the deviated circuitry, mainly
targeting only dopaminergic hyper-innervation
(dopamine blockers) or in combination with
serotonergics, noradrenergics, CNS stimulants,
or neuropschiatric medication (16, 17). Some
patients with refractory or malignant TS
responded not so well to these combination and
antibiotics, even though the evidence of antibi-
otics to eradicate pathogens and attenuate
autoimmunity warrants further investigation
(16–18). In practice, plasmapheresis and intrave-
nous immune globulin (IVIG) used to treat
patients with systemic lupus erythematosus who
suffered from refractory or/and overwhelming
autoimmune disasters involving the blood, kid-
neys, or CNS, have also benefited children with
severe TS and OCD (19). This is particularly true
for self-injurious behavior (SIB) in TS cases with
motor tics that cause cervical myelopathy (20), or
the so-called malignant TS (21). As such, this
immunologic analysis aimed to explore the
unclear pathogenesis of patients with TS.
Among exacerbated patients with TS, seventy

three percent (11 of 15) had atopy, of which
allergic rhinitis was predominant in all with
higher serum IgE. A vicious cycle seemed to exist
between an allergic attack and the waxing TS
episode (22) because the uneasy state of allergic
flare-up proceeded or paralleled the TS episode
or exacerbation. Two of three patients with
elevated IgG had reverse CD4/CD8, possibly
reflecting recent post-infectious immune

Immunologic alternations in patients with TS
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response, although the negative evidence of the
common pathogens of GABHS and myco-
plasma. The higher memory T cell subsets
(54.5%; eight of 15 patients) in both the exacer-
bation and stable status revealed that the con-
sistent activation signaling primed naive T cells
through the interaction of antigen-presenting
cells and naive precursor frequency, subsequently
to expand the memory T cells pool (23). How-
ever, there was relatively decreased �activated�
(CD69+) lymphocytes in two patients, revealing
the existence of not only activate but also
inhibitory signaling in the heterogeneous and
complex TS mechanisms.
Six exacerbated patients had decreased cyto-

toxicity to K562 cell lines with decreased �recog-
nizing� surface activating NKp46 receptor (in T6,
T7, T8, and T10), inhibitory CD94 receptor (in
T6 and T10) or/and intra-cellular perforin
expression (T6) in NK (TCRab)CD56+) cells.
Similar patterns appeared on the natural killer T
(NKT) cells (TCRab+CD56+) and were
restored in the stable status (data not shown).
Diminished inhibitory CD94 expression (in T4,
T5, T9 and T11) was potential to counterbalance
the effect of either lower NKp46 (26.9% in T11)
or lower perforin (13.5% in T4), but neither both
(in T6) nor extreme low NKp46 expression
(12.5% in T10), subsequently to maintain the
normalized cytotoxicity. In contrast, the de-
creased cytotoxicity in T1 and T14 patients could
have normalized the CD94, NKp46, and perforin
expression. Such paradoxical observations im-
plied unknown compensatory and complicated
pathways involved NK cytotoxicity in patients
with TS. However, impaired NK cytotoxicity is
one of the diagnostic criteria for hemophagocytic
lymphohistiocytosis (HLH) from cytokine storm
and presents as an aberrant and dysregulated
higher TNF-a and IL-12 resembling patients
with TS (24). Immuno-modulation or/and
immuno-suppressive drugs, including cyclospo-
rin, steroids, episode, and IVIG recommended in
HLH treatment protocol, might have the
potential effect to restore impaired cytotoxicity
in exacerbation (25) and overcome memory
T-cell-mediated responses (26).
We further investigated the effect of the serum

levels of heavy metals and diet contents on TS.
As literature review, one boy using Chinese
herbal spray with mercury intoxication (27),
two first-degree teenage cousins taking caffeine-
rich food, like chocolate (28), have been reported
to develop tics that completely disappeared after
withdrawal of these substances. Of nutrition
factors, the serum ferritin level positively affects
on the putamen volume. Patients with relatively

lower ferritin level, subsequently relatively small
volume of putamen, are prone to tic development
or exacerbation (29). The levels of associated
heavy meals, including Hg, copper, ceruloplas-
min, iron and ferritin, are all within normal
limits. To exclude the unintentional diet contents
and habits, caffeine restriction is not able to
suppress TS movement in the study patients.
These argue against the significant relationship.
Genetically, two Caucasian male patients with

TS have been noted with heterozygous mutation
of SLITRK1 encoding a single-pass trans-mem-
brane protein with two leucine-rich repeat motifs
in its extra-cellular domain. This mutation
involves disturbed dendritic growth and neuro-
anatomic circuits (30). Sequencing the candidate
gene SLITRK1 in 90 Austrians (15), 18 in this
study and 160 more Taiwanese (14) TS patients
remains indeterminate and argues the pathogenic
role of SLITRK1 in other people although
selection bias may exist. Poly- or oligogenetic
inheritance on chromosomes 4, 5, 8, 11, and 17
instead of monogenetic SLITRK1 mutation
encompass such a phenotype that typically
decreases in severity with age, and with symp-
toms that overlap with common co-morbidities
of OCD and ADHD (31–36).
In conclusion, immune alterations do develop

in the subgroup of Taiwanese patients with TS.
Impaired cytotoxicity in exacerbation and con-
sistently higher memory T-cell subsets may play
potential roles in elucidating the unclear patho-
genesis. This study also highlights the possibility
of using immuno-modulation or immuno-sup-
pression for the subgroup of refractory or
malignant TS.
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